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Direct ionic liquid extractant injection for volatile
chemical analysis – a gas chromatography
sampling technique†
S. U. Mokhtar,a,b S.-T. Chin,a R. Vijayaraghavan,c D. R. MacFarlane,c O. H. Drummerd
and P. J. Marriott*a
A green sampling approach by direct injection of ionic liquid (IL) solvent containing a variety of analytes
using programmable temperature vaporisation (PTV) injection with gas chromatography (GC) is presented.
The method was developed using test mixtures of n-alkanes, n-alcohols and polyaromatic compounds,
whilst back extraction of isolated compounds from the IL with organic solvent is not required. In the ﬁnal
method, 2 μL of IL, 1-butyl-3-methylimidazolium bis(triﬂuoromethylsulfonyl)amide containing analytes,
was diluted to diﬀerent volumes (ranging from 10 to 70%) with solvent then injected into the system.
Several PTV injector parameters were investigated to ensure analyte volatilisation and transfer into the GC
column. Concentration calibration curves (10–150 μg mL−1 and 10–100 μg mL−1 for n-alkanes and
n-alcohols, respectively) were constructed, and showed addition of IL increased the peak area of each
analyte, with good precision, and acceptable linearity with correlation coeﬃcient, r2 > 0.93. This method
was successfully applied in analysis of a polynuclear aromatic hydrocarbons (PAHs) mixture, with addition
of IL in the mixture and suitable operation of the PTV injector. The method was also applied to eucalyptus
leaf essential oil compounds as a test sample in a single drop microextraction experiment.
Introduction
Ionic liquids (ILs) are a new class of designer solvent that has
accelerated research in extraction technology. They are organic
salts which are liquid at room temperature, consisting of
appropriate anions and cations.1 They possess unique pro-
perties such as low volatility, high viscosity compared with
conventional solvents, good thermal stability at elevated temp-
erature, variable polarities, designable chemical character-
istics, with good solubility for organic and inorganic
compounds, and favourable environmental properties.2,3 ILs
have attracted extensive attention and gained popularity in
many areas of analytical chemistry such as ILs as stationary
phases in gas chromatography (GC),4 extraction solvents, dis-
solution solvents and separation media.5 As stationary phases
in GC, whilst they are very polar, they can be tailored in their
polarity, and are suitable for a number of diﬀerent appli-
cations.6 ILs are attractive alternatives to conventional extrac-
tion solvents7 employed in sample preparation for diﬀerent
type of solutes, from polar to non-polar. They can be con-
sidered as a ‘green solvent’ because of their property of low
vapour pressure at room temperature compared to organic sol-
vents; this property may reduce the release of substances to
the environment.8
ILs have been employed as extractants to preconcentrate
analytes from aqueous phases, such as in liquid–liquid extrac-
tion (LLE),9,10 solid phase extraction (SPE),11 solid phase
microextraction (SPME),12,13 single drop microextraction
(SDME),14,15 solvent bar microextraction (SBME),16 hollow-
fiber liquid phase microextraction (HF-LPME),17 dispersive
liquid microextraction (DLLME)18,19 and static headspace
extraction-gas chromatography (SHE-GC).20 They are frequently
applied to organic compound analysis in environmental,
pharmaceutical, biomedical and food samples. A recent study
combined two extraction techniques – DLLME and micro-solid
phase extraction (μ-SPE) – to extract antidepressant drugs from
water samples. 1-Hexyl-3-methylimidazolium tris(pentafluoro-
ethyl)trifluorophosphate was employed for DLLME with high
performance liquid chromatography (HPLC) analysis.21 The
tunability of ILs allows suitable choices to replace conventional†Electronic supplementary information (ESI) available. See DOI: 10.1039/c4gc01364f
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